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Abstract
The current study investigates the suitability for using waste transformer oil (WTO) as an alternative fuel for compression ignition (CI)
engine. For this purpose different properties of the WTO were determined. The different properties include density, kinematic viscosity, 
cetane number, calorific value, flash and fire points, fourier transform infra-red (FTIR). The investigation includes two parts. In the first
part of the investigation, different properties and engine performance were conducted. In the latter part of the investigation WTO was
refined by well know transesterification process and again different fuel properties and engine performance were conducted. In the text,
the refined waste transformer oil is designated as RWTO. All fuel properties with WTO and RWTO were compared with those of 
conventional diesel fuel (DF). All properties were close to those of DF. FTIR results revealed that the WTO is a diesel like hydrocarbon. 
The engine performance with WTO and RWTO was much better than that of DF. Based on the findings, WTO and RWTO are suggested 
to be alternative fuels for CI engine.
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society
of Mechanical Engineers
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1. Introduction
The engine and fuel researchers are devoted to explore alternative fuels as the present world largely depends on petroleum
fuel for generating power, vehicle movement and agriculture sectors. Price hike, limited reserve of petroleum oils and
stringent emission regulation also forced researchers to find alternative fuels. In Bangladesh, there is limited petroleum
reserve to meet the demand of the petroleum product and for this reason it is necessary to spend a lot of foreign currency for
importing fuel every year. Recent price hike of petroleum oil incurs lots of money. Bangladesh imports most of the
petroleum oils from Middle East. In this point of view, waste transformer oil (WTO) can be an alternative source for
petroleum oils. WTO has significant physiochemical properties. WTO can meet a portion of our demand without any
hesitation. There is a huge unused amount of transformer oil in Bangladesh which is rejected every year. This oil is not
used for any other purpose. So, WTO is an important source for meeting the demand of diesel in Bangladesh. Bangladesh 
imports approximately 2.4 million ton diesel each year [1]. It is well known that the transformer oil is used mainly in the
electrical transformer for insulation purpose. Moreover, cooling is another purpose of using transformer oil in the electrical
transformer while the transformer is running. Among various properties, one of the main properties of transformer oil is to
sustain high temperature during operation. When an electrical transformer is in operation, the transformer oil is subject to
mechanical and electrical resistance. For a certain period of time, it is recommended to check the electrical and chemical
properties of the transformer oil. By using WTO, Bangladesh can reduce importing a huge amount of petroleum products
from foreign countries. Our attention goes to the WTO. WTO results from the power generation and transmission station. At 
present 100 per cent transformer oil is not used in place of diesel fuel (DF) to run the engine rather blends of WTO and DF
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are used to run the engine. Transformer oils are an important class of insulating oils. They act a heat transfer medium in the 
transformer. Transformer oil have negligible amount of contamination which have adverse effect on the electrical properties 
[2]. In general, transformer oil is produced from wax-free naphthenic oils. After certain period of time of operation in the 
transformer, the oil is thrown out in the form of waste. But after testing the transformer oil blends (transformer oil and diesel 
fuel) it has been seen that the property of transformer oil is comparable to that of diesel [3]. Based on the earlier findings, 
the current study investigated the possibility of using WTO as a diesel substitute.  
 
2. Experimental setup and procedure of experimentation 
 
2.1 Materials and methods 
 
The engine used in this experiment was a single cylinder, water-cooled, NA, 4-stroke, DI diesel engine. The specifications 
of the engine are shown in Table 1. The experiments were conducted with conventional DF and different blends of WTO. 
The engine speed was measured directly from the tachometer attached with the dynamometer. The outlet temperatures of 
cooling water and exhaust gas were measured directly from the thermocouples (Ni-Cr) attached to the corresponding 
passages. The dynamic fuel injection timing was set at 24º BTDC (before top dead centre). The engine speed was kept fixed 
at 800 rpm. An inclined water tube manometer, connected to the air box (drum) was used to measure the air pressure. Fuel 
consumption was measured by a burette attached to the engine. A stopwatch was used to measure fuel consumption time for 
every 10 cm3 fuel. To investigate the suitability of WTO as DF three different blends were prepared. All percentages of 
different blends were volumetric percentages. The blends are WTO10 (WTO 10% and DF 90%), WTO15 (WTO 15% and 
DF 85%), and WTO20 (WTO 20% and DF 80%). Similar blends (RWTO10, RWTO15, and RWTO20) were prepared with 
RWTO. The RWTO was prepared by well-known transesterification process. In this process, methanol was used as alcohol 
and NaOH was used as catalyst. The brake power (BP), input power, BSFC and brake thermal efficiency were calculated by 
equations 1, 2, 3 and 4 respectively.  
 
BP = W x N x 0.45 x 0.746/5000    (kW)   ----(1) 
 
Where, W is load in lb and N is engine speed in rpm. 
 
Input power = f x CV/3600    (kW)   ----(2) 
 
Where, f is the mass flow rate of fuel in kg/hr and CV is the calorific value of fuel in kJ/kg. 
 
BSFC = f /BP      (kg/kWh)  ----(3) 
 
Brake thermal efficiency = 100/(( f/BP)(CV/3600))   (%)   ----(4) 
 
 
Table 1Engine specifications 
Engine  type 4-stroke CI engine 
Number of cylinders One 
Bore x Stroke 80 x 110 mm 
Cooling water cooling 
Compression ratio 16.5 
Rated power 4.476Kw@1800 rpm 
Injection pressure 14 MPa (low speed, 900 -1099 rpm) 
20 MPa (high speed, 1100-2000 rpm) 
Injection timing 24 BTDC 
 
Table 2 Fuel properties of WTO, RWTO and DF 
        Properties    WTO RWTO DF 
Density[ kg/m3]  895 874 860 
Kinematic viscosity[cSt]   10.1  6.2 3.08 
Flash point [ C]  140 125 90 
Fire point [ C]  145 132 95 
Gross calorific value[kJ/kg]  41775 43813 44500 
Cetane number   42 50 48 
 
 
2.2 Fuel characterization 
 
In this section the different fuel properties include density, kinematic viscosity, cetane number, calorific value, flash and fire 
points, elemental analysis (CHONS), FTIR are discussed. The density was measured according to the ASTM D1298 
method, kinematic viscosity was determined as per ASTM D445 method, cetane number was ascribed as per ASTM D613 
method, gross  calorific value was determined as per D5865 method, flash and fire points were determined according to 
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ASTM D93. Viscosity is one of the important properties for DF as it affects fuel atomization. Cetane number indicates the 
ignition quality of a DF. Some selected properties of WTO and neat DF are shown in Table 2. 
 
2.2.1 Fourier transform infrared (FTIR) spectra for neat DF and neat WTO 
 
The target of the current investigation is to explore the alternative fuel for CI engine. To fulfil the target WTO is selected as 
suitabili
about the suitability of WTO as DF. FTIR gives the idea of the WTO to identify the basic compositional groups. The FTIR 
instrument produces the IR-spectra of the WTO. It provides the absorption spectrum in percentage incident intensity, along 
the wave numbers 4000 to 500 cm. The standard IR-spectra of hydrocarbons were used to identify the functional group of 
the components of the WTO. The IR-spectra of WTO was compared with that of DF. 
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Fig. 1. Effect of WTO on brake thermal efficiency 
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Fig. 2. Effect of RWTO on brake thermal efficiency 
 
 
 
3. Results and discussion 
 
3.1 Effect of WTO and RWTO on brake thermal efficiency 
 
The variation of brake thermal efficiency with engine load using all types of fuels/blends is shown in Figures1and 2. The 
brake thermal efficiency was calculated by the ratio of brake power to input power shown in Equation 4. From this Figure it 
is observed that the brake thermal efficiency increases with the increase in engine load (brake power) for all fuels/blends. It 
is interesting to note that compared to DF, all WTO blends show higher brake thermal efficiency. The maximum value of 
brake thermal efficiencies with WTO10, WTO15, WTO20 blends and DF were found to be 21.37%, 21.8%, 22.1% and 
19.2% respectively. The higher thermal efficiencies with WTO blends were attributed to the fact of lower BSFC with the 
different blends of WTO compared to DF. Equations 3 and 4 indicate that brake thermal efficiency is reciprocal of BSFC. 
As the BSFC is lower with WTO blends, brake thermal efficiencies increase.  
 
Figure 2 shows a comparison of thermal efficiencies with the blends of WTO20 and RWTO20. The thermal efficiencies 
with the WTO20 and RWTO20 were compared those of DF. Compared to DF, WTO20 blend show higher thermal 
efficiencies as described in Figure 1. WTO was refined by the transesterification process. Viscosity is one of the important 
fuel properties that affect fuel atomization. Higher viscosity leads to poor atomization results in poor combustion and engine 
emissions. One of the important targets of using transesterification process is to reduce fuel viscosity. Table 2 reveals lower 
viscosity with RWTO compared to WTO. It is clearly visible that the thermal efficiencies with WTO20 and RWTO20 
blends are higher than those of DF. It is interesting to note that compared to WTO20, RWTO20 shows higher thermal 
efficiency. The higher thermal efficiency with RWTO20 may be attributed to the fact of lower viscosity with RWTO20 
blend. The other blends of RWTO20 show similar trends (results not shown). Pullagura et al. [3] conducted experiments 
with 100% used transformer oil (WTO) and a blend of 40% WTO and diesel fuel in a single cylinder, 4-stroke, air cooled 
direct injection diesel engine. Authors also inducted hydrogen in the intake manifold. Authors compared the experimental 
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results with UTO40 and UTO100 with those of diesel fuel. They reported higher thermal efficiencies with both blends 
compared to diesel fuel. The current investigation is a good agreement with that of Pullagura et al. 
 
 
4.2 Effect of WTO and RWTO on BSFC 
 
Figures 3 and 4 show BSFC with different fuels/blends. It can be seen from the Figures that the BSFC decreases with the 
increase in engine load. It is interesting to note that the BSFC is lower with all WTO blends relative to DF. Pullagura et al. 
[3] lower brake specific energy consumption (BSEC) with WTO blends compared to DF. Though the BSEC is not shown in 
the current investigation but it can be calculated by simply multiplying the BSFC with the calorific value of the fuel. Thus, 
as the BSFC is lower with the WTO blends the BSEC will also be lower with all WTO blends.  
 
Figure 4 compares the BSFC among WTO20, RWTO20 and DF. It is obvious that the BSFC for the WTO20 and RWTO20 
blends are lower than that of DF. BSFC is better with RWTO20 blend compared to the WTO20 blend. It was observed that 
the fuel consumption of all types of fuels tested decrease with an increase in brake power.  
 
4.3 Variation of exhaust gas temperature with DF, WTO and RWTO 
 
The variation of exhaust gas temperature with brake power is shown below. The exhaust gas temperature of 
WTO10,WTO15, WTO20are 100 C, 100 C, 101 C respectively whereas diesel is 98 C. The reason is may be due to high 
auto ignition temperature for increase in exhaust gas temperature [4]. Due to this fact, the heat that is generated due to the 
compression stroke gets shifted its direction toward the exhaust side and increases the exhaust gas temperature. 
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Fig. 5. Effect of WTO on exhaust gas temperature 
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Fig. 6. Effect of RWTO on exhaust gas temperature 
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Figure 7 FTIR of neat WTO 
 
 
 
 
 
 
 
 
Figure 7 FTIR of neat diesel fuel 
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          Table 3 
Neat DF Neat WTO 
Frequency range (cm-1) Bond types Family  Frequency range (cm-1) Bond types Family  
2923.9-2854.5 C-H stretching Alkanes  2963-2852.7 C-H stretching Alkanes  
1458.3 C-H bending Alkanes 1456.2 C-H bending Alkanes 
1377.1 C-X Fluoride  1377.17 C-X Fluoride  
723.3 =C-H bend Alkanes 730.2 C-H out of plane bend Alkanes 
 
The FTIR spectrums of diesel and transformer oil were recorded after scanning on FTIR is shown in fig. The table 
represents the functional group, compositional analysis for the DF and WTO. For DF, the strong absorbance frequencies 
2923.9 and 2854.5 cm-1 represent C-H stretching. The absorbance peaks 1458.1 cm-1 represented the C-H bending which 
indicates the presence of alkanes. For WTO100 strong absorbance peaks 2963cm-1and 2852.7 cm-1represented the C-H 
stretching. The absorbance peaks 1456.2 cm-1 and 730 cm-1 represented the C-H bending and C-H out of plane bend 
respectively indicating the presence of alkanes. From the FTIR graph it is seen that major transmittance spectrums peaks 
both of the fuels are alkanes. Based on the above discussion it is clear that both of the oil is saturated hydrocarbon. The 
presence of hydrocarbon groups   C-H indicates that the liquid has a potential to be used as fuels. 
 
5.  Conclusions 
 
The objective of this experiment was to use transformer oil as an alternative fuel. The pure diesel was used as base fuel for 
comparing the properties and performance parameters. The performance test was conducted on a diesel engine at a constant 
speed of 800. The results of the current investigation may be summarized as follows: 
 
1. The viscosity of transformer oil 10.1 cSt which is 69% higher than viscosity of diesel (3.08 cSt) at 33 C and 
calorific value of diesel was higher than transformer oil by 6%. The flash and fire points of transformer oil were 
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140 C and 145 C respectively while for diesel, flash and fire points were 90 C and 95 C respectively. This shows 
transformer oil is safer for storage. The cetane number was 42. 
2. The brake thermal efficiency for each blend was found to be high because of proper combustion. The brake thermal 
efficiency for UTO10, UTO15, UTO20 were found to be 21.37%, 21.8%, 22.1% respectively where baseline diesel 
was 19.2% for the same power output. 
3. The fuel consumption for UTO10 for UTO 15 for UTO 20 was higher as compared to DF due to the lower heating 
value. 
4. The exhaust gas temperature of UTO10, UTO15, UTO20were 100 C, 100 C, 101 C respectively which were 
higher than baseline diesel (98 C) due to the more residence time and higher viscosity. 
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